Stille coupling of 3,5-bis(5-bromothien-2-yl)-4H-1,2,6-thiadiazin-4-one (10) with 2-(tri-nbutylstannyl)thiazole and Pd(Ph 3 P) 2 Cl 2 in PhMe, at ca. 110 • C, for 2 h, gave 3,5-bis[5-(thiazol-2yl)thien-2-yl]-4H-1,2,6-thiadiazin-4-one (9) in 81% yield.
Introduction
Heteroaromatic multicyclic molecules have uses in medicinal chemistry and materials science. Thiophene-containing oligomers, in particular, have been investigated in medicinal chemistry as potential anti-Alzheimer [1] and anti-cancer agents [2] , while in materials science they are used as donors for organic photovoltaics (OPVs) [3, 4] . Polycyclic small molecules containing rare heterocycles such as non-oxidized 4H-1,2,6-thiadiazines are uncommon but have potential uses as the electron poor thiadiazine unit can modulate the electronic and structural properties.
4H-1,2,6-Thiadiazines have interesting applications: selected 5-substituted 3-chloro-4H-1,2,6thiadiazines displayed plant antifungal activity [5] [6] [7] [8] [9] , while others displayed liquid crystalline properties or behaved as near-infrared dyes [10, 11] . Furthermore, selected 4H-1,2,6-thiadiazines have been proposed as radical anion precursors for molecule-based magnetic and conducting materials [12] , while π-conjugated polymers of 1,2,6-thiadiazines have been proposed as potentially stable alternatives to the superconductor poly(sulfur nitride) (SN) x by both Woodward [13] and Rees [14] [15] [16] . 4H-1,2,6-Thiadiazines were also characterized by resonance Raman (RR), absorption (UV-vis) and photoluminescence (PL) spectroscopies to better understand their optical properties [17] . Recently, we investigated the 1,2,6-thiadiazinone derivatives as narrow spectrum calcium/calmodulin-dependent protein kinase kinase 2 (CaMKK2) inhibitors as mimics of 2,4-dianilinopyrimidines [18] , demonstrating a new medicinal chemistry application of the system.
A series of polycyclic small molecules containing non-S-oxidized 4H-1,2,6-thiadiazin-4-ones 2-6 were also prepared starting from 3,5-dichloro-4H-1,2,6-thiadiazin-4-one (1) and investigated as electron donors in solution-processed bulk heterojunction (BHJ) OPVs ( Figure 1 ) [19] . Compounds 2-6, along with tetrathiophene 7 [20] and bithiadiazine 8 [21] (Figure 1 ) are the only known analogues containing a 1,2,6-thiadiazine ring. These compounds have all been prepared via Pd-catalyzed C-C bond coupling reactions and all contain multiple thiophenes resembling previously reported oligothiophenes [1] [2] [3] with a plethora of applications. Interestingly, the small molecule donors 2-6 synthesized in combination with PC 70 BM were used in BHJ solar cells with power conversion efficiencies (PCE) of~3%, which is a good starting point for investigation in thiadiazine-containing OPVs. This prompted us to further investigate the synthesis of pentacyclic thiadiazines by introducing thiazole rings, which are isosters to thiophenes. 
Results and Discussion
Recent work by Leclerc et al. revealed that thiazoles are a useful substitute to thiophenes in OPVs as the more electron-deficient nature of the thiazole ring lowered the the lowest unoccupied molecular orbital (LUMO) values of donor oligomers thereby increasing the V oc and PCE of the BHJ devices [22] . Therefore, to evaluate the effect of introducing thiazoles in our thiadiazine-containing small molecules we pursued the synthesis of pentacyclic compound 9 (Scheme 1), an isoster of the tetrathiophene 7. The electrochemical properties of the latter were investigated in an electrochemical study of selected 1,2,6-thiadiazines [23] , that would make it easy to compare the electrochemical properties of the two compounds.
Moreover, thiazyl 9 has some resemblance to pyridine-oxazole oligomers investigated as DNA G-quadruplex (G4) binders with potential uses as anticancer agents [24] . The similarity to our system is that 3,5-diarylthiadiazinones have the same geometry as the 2,6-diarylpyridines used in this study as both can adopt angular geometry. Furthermore, since thiazole is a non-classical bioisostere to oxazole, we can expect the two systems to show similar diamolecular interactions with the DNA target. The medicinal chemistry aspect of this work has not yet been investigated.
The Pd coupling chemistry (Stille) of 3,5-bis(5-bromothien-2-yl)-4H-1,2,6-thiadiazin-4-one (10) has been investigated as it was previously used to prepare the tetrathiopene 7 [20] as well as analogues 3-6 [19] and a small library of copolymers [25] investigated in OPVs. The Stille coupling reaction of bromothiophene 10 with 2-(tri-n-butylstannyl)thiazole proceeded smoothly to give the expected thiazyl 9 in 81% yield (Scheme 1). The ultraviolet-visible (UV-vis) absorption spectrum of the pentacyclic thiazyl 9 was measured in solution (CH 2 Cl 2 ) and gave a lowest energy absorption peak at λ max at 470 nm with an onset value of 616 nm corresponding to an optical band gap (E g Opt ) of 2.34 eV (Table 1) , which resembles the value of tetrathiophene 7 of 2.30 eV. The small band gap of the pentacyclic thiazyl as well as the broad absorption between 300-550 nm (see SI), which overlaps with the absorption regime of PC 70 BM (350-500 nm) [26] , shows that molecule 9 was suitable as a donor for bulk heterojunction solar cells. Thiazyl 9 was also analysed using cyclic voltammetry (CV) that revealed two reductions, one reversible and one quasi-reversible, while no oxidations were observed (see SI). The molecule showed an electrochemical LUMO value of −3.66 eV, while a highest occupied molecular orbital (HOMO) value was calculated to be −5.93 eV based on the optical band gap (E g Opt ) ( Table 1) . Interestingly, the LUMO energy was favorably lower than that of tetrathiophene 7, illustrating that incorporation of the electron-deficient thiazole ring shifts the reduction to more negative potentials as the compound becomes more difficult to reduce. This shift represents a step in the right direction as the ideal LUMO of donors for OPVs is required to be as low as −4.0 eV to achieve better PCEs in organic photovoltaics (OPVs) that use PCBM as the acceptor [27] . Table 1 . CV and UV-vis data of 3,5-bis[5-(thiazol-2-yl)thien-2-yl]-4H-1,2,6-thiadiazin-4-one (9) and 3,5-di[(2,2 -bithien)]-5-yl]-4H-1,2,6-thiadiazin-4-one (7) . All the values correspond to peak onsets. This study shows that thiazole-containing thiadiazines can be readily synthesized and are worthy of further investigation as components of OPVs and for potential medicinal chemistry applications.
Compound

Materials and Methods
The reaction mixture was monitored by TLC using commercial glass backed thin layer chromatography (TLC) plates (Merck Kieselgel 60 F 254 , Darmstadt, Germany). The plates were observed under UV light at 254 and 365 nm. Toluene was distilled over CaH 2 before use. The melting point was determined using a PolyTherm-A, Wagner & Munz, Kofler-Hotstage Microscope apparatus (Wagner & Munz, Munich, Germany). The solvent used for recrystallization is indicated after the melting point. The UV-vis spectrum was obtained using a Perkin-Elmer Lambda-25 UV-vis spectrophotometer (Perkin-Elmer, Waltham, MA, USA) and inflections are identified by the abbreviation "inf". The IR spectrum was recorded on a Shimadzu FTIR-NIR Prestige-21 spectrometer (Shimadzu, Kyoto, Japan) with Pike Miracle Ge ATR accessory (Pike Miracle, Madison, WI, USA) and strong, medium and weak peaks are represented by s, m and w, respectively. 1 H and 13 C-NMR spectra were recorded on a Bruker Avance 500 machine (at 500 and 125 MHz, respectively, (Bruker, Billerica, MA, USA). Deuterated solvents were used for homonuclear lock and the signals are referenced to the deuterated solvent peaks. Attached proton test (APT) NMR studies identified carbon multiplicities, which are indicated by (s), (d), (t) and (q) notations. The MALDI-TOF mass spectrum (+ve mode) was recorded on a Bruker Autoflex III Smartbeam instrument (Bruker). The elemental analysis was run by the London Metropolitan University Elemental Analysis Service. 3,5-Bis(5-bromothien-2-yl)-4H-1,2,6-thiadiazin-4-one (10) was prepared according to the literature procedure [20] . To a stirred mixture of 3,5-bis(5-bromothien-2-yl)-4H-1,2,6-thiadiazin-4-one (10) (43.6 mg, 0.100 mmol) in PhMe (1 mL) at ca. 20 • C was added 2-(tri-n-butylstannyl)thiazole (112 mg, 0.300 mmol) and Pd(Ph 3 P) 2 Cl 2 (7 mg, 0.01 mmol). The solution was then deaerated by bubbling Ar gas into the reaction mixture for 10 min and then the mixture was heated at reflux under Ar, until no starting material remained (TLC, 2 h). On cooling to ca. 20 • C, t-BuOMe (10 mL) was added and the mixture was washed with saturated KF(aq), dried over Na 2 SO 4 , then adsorbed onto silica and chromatographed (t-BuOMe) to give the title compound 9 (35.9 mg, 81%) as red needles, mp 235-237 • C (from benzene); R f 0.42 (t-BuOMe); (found: C, 45.90; H, 1.72; N, 12.62. C 17 Funding: Cyprus Research Promotion Foundation (Grants: ΣTPATHII/0308/06, NEKYP/0308/02 ΥΓEIA/0506/19 and ENIΣX/0308/83).
